Optimal nutritional care of young children requires application of feeding guidelines based on scientific knowledge of children's nutrient requirements and the ability of breastmilk and other foods to satisfy these nutritional needs. This paper reviews recent information on the appropriate duration of exclusive breastfeeding and timing of introduction of complementary foods; the relationship between frequency of feeding, dietary energy density, and total daily energy consumption; and the importance of nutrient composition and selected organoleptic characteristics of complementary foods as determinants of dietary intake. The role of child appetite is also discussed Finally, programmatic options for the promotion of enhanced complementary feeding and relevant practical experiences in Peru are reviewed.
Introduction
Exclusive breastfeeding is widely recognized as the optimal means of feeding and caring for young infants during the first few months of life. Nevertheless, at the stage in the growing infant's development when breastmilk alone is no longer able to satisfy the increased physiological requirements for energy and specific macro-and micronutrients, additional foods or nutrient supplements must be provided to prevent nutritional deficiencies and secondary functional impairment. The introduction of "complementary foods" (that is, foods consumed in addition to breastmilk to meet nutrient needs) is not, however, without risk. Recent evidence indicates that these foods may displace breastmilk, thereby producing a greater likelihood of nutrient deficiencies if, as is common in many low-income countries, the density and bioavailability of nutrients in the complementary foods are not equal to or greater than those of breastmilk. By the same token, these foods may interfere with the absorption of nutrients in breastmilk. Moreover, the frequent occurrence of microbial contamination of non-breastmilk foods in many developing countries can substantially increase the risk of diarrhoea and other infectious diseases, possibly resulting in a net negative impact of these foods on nutrition status and other adverse health outcomes. Thus, the presumed benefits of initiation of non-breastmilk food sources must be balanced against these possible risks.
For these reasons, the optimal timing of introduction of complementary foods has been controversial, and numerous articles have been written on the so-called weanlings' dilemma [1] [2] [3] [4] [5] . The present paper will briefly re-examine these issues in the light of newly available information, and will provide specific feeding recommendations based on current, albeit incomplete, scientific knowledge. Specific feeding guidelines will be emphasized, because we assume that caregivers require detailed, quantitative information on particular aspects of child-feeding regimens and dietary components to permit them to establish caregiving behaviours that will ensure adequate child nutrition.
Issues such as the timing of introduction of complementary foods, their composition and organoleptic characteristics, and the frequency of feeding will be considered. Much of this discussion will focus on factors that influence total daily energy intake. It must be recognized, though, that the content and bioavailability of micronutrients in complementary foods may be equally or more important determinants of total energy consumption and growth in some situations.
However, a full presentation of these aspects of "dietary quality" is beyond the scope of this paper. Following the examination of specific feeding behaviours and composition of complementary foods, the microbiological quality of these foods will be discussed briefly. Finally, programmatic experience in promoting improved complementary feeding practices in Peru will be presented.
Timing of introduction of complementary foods

Full-term, normal-birth-weight infants
Until recently, our concept of the appropriate timing for introduction of complementary foods was based on a comparison of the theoretical energy requirements of young infants and their energy intake from breastmilk at different ages. Thus, it was assumed that when the average energy intake from breastmilk falls below these theoretical requirements, additional energy sources need to be offered. This concept, however, ignored the fact that our understanding of the theoretical energy requirements of breastfed infants was limited and was based mostly on observed intakes by nonbreastfed infants who were fed infant formula in feeding bottles [6] .
We now know that energy intakes of breastfed infants are less than those of formula-fed infants [79] , and the patterns of weight gain of the two sets of children differ considerably [10] . Although the current level of recommended energy intake for infants from 6 to 12 months of age is 98 kcal/kg/d [6] , breastfed infants typically consume somewhat less than this, even in affluent populations [9] . In such populations, the lower energy intake by breastfed compared with formula-fed infants is not due to inadequate milk production by their mothers or to inadequate amounts of complementary foods. Rather, it appears that breastfed infants voluntarily self-regulate their energy intake at about 80-90 kcal/ kg/d [11, 12] , Despite the different levels of energy intake by breastfed and formula-fed infants, there is no evidence of any functional impairment associated with the lower energy intakes and weight gains of breastfed infants. Indeed, a comparative study of matched breastfed and formula-fed infants in California found that the breastfed infants were at least as physically active as those receiving infant formula, and the breastfed infants had less morbidity from infections [13, 14] . Thus, it seems unlikely that breastfed infants are "underfed, " and it is perhaps more plausible that formula-fed infants may be "overfed. " An alternative, experimental approach to deciding when to introduce complementary foods is to randomly assign exclusively breastfed infants to receive additional foods at different ages. If the complementary foods add significantly to the infants' total energy intake and promote increased growth, it might be assumed that breastmilk alone was not meeting the children's physiological needs. If, on the other hand, these additional foods simply replace breastmilk without contributing to total energy intake and growth, it might be assumed that the infants' energy requirements were being satisfied with breastmilk alone. Because of the high frequency of microbial contamination of complementary foods in many developing countries, it would be concluded in the latter case that delayed introduction of these foods is preferable.
A study has recently been completed in Honduras using this experimental design [15] . Exclusively breastfed infants were randomly assigned to receive complementary foods at four months of age or to continue being exclusively breastfed until six months of age. The foods offered to the former group were designed to satisfy the requirements for all essential nutrients and were commercially prepared, precooked, and packaged to ensure that they were of adequate nutritional quality and free from microbial contamination. This approach guaranteed that these factors would not adversely affect the intake and growth of the children assigned to earlier introduction of complementary foods. Notably, the children who received the complementary foods at four months consumed significantly less breastmilk at five and six months, thereby counterbalancing the energy consumed from the non-breastmilk sources ( fig. 1 ).
There were no differences between groups in total energy intake ( fig. 1 ) or patterns of growth ( fig. 2 ). Rates of infectious morbidity were similar across groups, presumably because of the ideal conditions under which the complementary foods were provided. It is unlikely that this would be true under usual field conditions, where introduction of non-breastmilk foods and liquids is consistently associated with increased rates of illness [16, 17] . Of further importance, there were no differences between study groups in the children's subsequent acceptance of non-breastmilk foods or growth beyond six months of age [18] . Thus, introducing the complementary foods before six months appeared to offer no advantage for the children's overall growth performance.
The results of a descriptive study of infant feeding practices and growth of poor Peruvian infants provide further support for these conclusions. This study found that infant growth during the first six months was positively related to the proportion of energy consumed from breastmilk [19] . Moreover, the patterns of growth of predominantly breastfed, low-income Peruvian infants did not differ from those of predominantly breastfed Californian infants of relatively affluent mothers [20] .
The Peruvian infants' growth may have been adequate for several reasons in addition to the generally excellent nutritional quality of breastmilk. Not only did the predominantly breastfed Peruvian infants have considerably less diarrhoea and other illnesses than their mixed-fed and non-breastfed counterparts [16] , but the breastfed infants tended to maintain their usual energy intake even when they had diarrhoea [21] .
Interestingly, whereas non-breastfed infants demonstrated the expected negative relationship between diarrhoea! prevalence and growth, these illnesses were not associated with reduced growth rates among young breastfed infants [19] . A similar reduction of the adverse nutritional consequences of diarrhoea in association with breastfeeding has also been reported among West African children 1221.
FIG. 1. Consumption of energy from breastmilk and complementary foods by age and study group, Honduran infants.
Three groups of Honduran infants were randomly assigned to receive: 1) exclusive breastfeeding (EBF) until six months of age (N = 50), 2) ad libitum breastfeeding and complementary foods (CF) at four months of age (N = 44), or 3) breastfeeding at maintained frequency and complementary foods (CF-M) at four months of age (N = 47). Significant increase in total energy intake by age (p < .01); no significant effect of study group or interaction of study group by age. Data from ref. 15[22] FIG. 2. Weight-for-age z-scores from 0 to 6 months Honduras vs. USA breastfed infants [15] . See figure 1 for abbreviations 4 Optimal complementary feeding practices to prevent childhood There is also a need to consider the adequacy of micronutrient status of infants who are exclusively breastfed for varying lengths of time. In the Honduras study, exclusively breastfed infants had higher rates of anaemia at six months of age, especially in the subgroup with low birth weight [23] . Nevertheless, for the reasons noted above, it would probably be ill-advised to recommend earlier complementary feeding of these infants to prevent nutritional anaemia. Moreover, even among those infants who received the iron-fortified complementary foods provided by the project, nearly one-fourth developed anaemia by six months of age.
Thus, it may be preferable to focus on enhancing maternal health and nutrition status to reduce rates of low birth weight, and on promoting obstetrical practices such as late clamping of the umbilical cord to ensure maximal transfer of blood and associated nutrients to the newborn infant. Furthermore, in those situations where earlier supplementation of infants is necessary to prevent nutritional anaemia, this might be accomplished by providing specific nutrient supplements instead of potentially contaminated food.
Low-birth-weight infants
It is still uncertain whether this same recommendation for withholding complementary foods until six months is appropriate for low-birth-weight infants ( <2,500 g), particularly those who are small for gestational age. Because these infants are often born to undernourished women, concern has been raised that their mothers may not produce an adequate quantity and quality of breastmilk to maintain expected growth rates through the first six months of life. However, the relationship between maternal nutrition status and milk quantity and composition remains controversial, because few appropriately designed studies have explored these relationships across the full spectrum of maternal nutrition status [24] . Evidence to date indicates that milk production is unlikely to be impaired unless maternal nutrition status is quite severely compromised.
The Honduras study described above had too few low-birth-weight infants to draw definitive conclusions regarding the effects of different ages of initiation of complementary foods. Nevertheless, the subgroup of low-birth-weight children seemed to respond to early supplementation in the same way as those who were of normal birth weight, suggesting that the same conclusions might hold for low-birth-weight infants. Additional studies are needed to gather more empirical data on this subgroup of children.
Optimal feeding behaviours
The following discussion of "feeding behaviours" refers specifically to those caregiver behaviours that may influence children's consumption of non-breastmilk foods once they have been introduced. For example, the caregiver has primary control over the frequency with which foods are offered to the young child, the amount served, the technique with which they are provided (that is, by spoon, hand, feeding bottle, etc.), the composition of these foods, and the level of encouragement or forcefulness used to feed them.
Methodological Issues
The relationships between caregivers' feeding behaviours and children's total energy intakes have not been studied very extensively, so it is worth digressing for a moment to consider some critical methodological features that must be recognized for the proper interpretation of existing studies and planning of future ones. There are two primary methods of studying the relationships between caregiver feeding behaviours and children's energy intakes, neither of which is perfect. Probably both methodologic approaches will be needed to understand these relationships fully.
One study method is simply to observe current feeding practices and to analyse subsequently the relationships between the caregiver behaviours and the children's food consumption. This approach is extremely valuable because it provides descriptive information on current practices in the home environment. However, because there is no control of the number of meals offered, timing of meals, types and preparation of foods, etc., the enormous number of variables makes the statistical modelling extremely complex. Moreover, these descriptive studies only permit an examination of associations between the independent variables (e.g., feeding behaviours, food composition) and total food (energy) consumption.
Because of the nature of the research design, it is impossible to draw definitive conclusions regarding the causal direction of any observed associations or the reasons for these associations. For example, caregivers may learn over time how much individual children are likely to eat at a particular meal. Thus, positive associations between the amount served and the amount consumed do not necessarily imply a causal relationship. Likewise, positive relationships between the frequency of meals and total daily energy consumption may indicate either that caregivers who feed more frequently are able to encourage children to eat more or that children with greater appetites demand more frequent meals.
An alternative research method is to implement an experimental design whereby complementary foods of defined composition are offered a specified number of times per day according to a fixed protocol, either in a clinical unit or in the child's home. The total amount of food consumed can then be assessed in relation to the number of meals offered and their composition. The person feeding the child may either be his or her usual home caregiver or a study aide specially trained to offer food in a consistent manner from one meal to the next. The advantage of this study design is the ability to control both the composition of the diet (to examine the effects of specific food components or organoleptic characteristics on total intake) and the frequency of feeding. By manipulating specific feeding behaviours or components of the diet in a controlled fashion, the experimental design permits causal inferences regarding the effects of these factors on the children's intakes. The disadvantage of this design is the uncertainty regarding the applicability of these results to "natural conditions" in the home.
Regardless of the experimental approach, the research methods are complex, tedious, and costly because they are very labour-intensive. Not only is quantitative information regarding food intake needed, but breastmilk consumption must also be monitored to assess the impact of different complementary feeding regimens on consumption of milk by infants who are still breastfeeding. Preliminary results of studies using the experimental approach are described in the next section. The results of other descriptive studies of current home feeding behaviours in selected settings are described in the case-studies below.
Frequency of meals
We are currently conducting a series of hospital based studies of the effects of different frequencies of feeding and composition of meals on total daily energy intake by fully weaned, recovering malnourished children. The ultimate objectives of these studies are to develop specific feeding recommendations and to design appropriate foods for young children. As indicated in the foregoing paragraph, these studies have the advantage of the exquisite degree of control of feeding practices and food composition that is possible in the metabolic ward, but the results must be interpreted with caution due to the nature of the study subjects and the fact that they are no longer receiving any breastmilk. Because the study subjects were recovering from severe malnutrition, their energy intakes were substantially greater than would be expected for normal infants. Thus, it is conceivable that these results may not be fully generalizable to nonmalnourished children.
The first set of studies examined the effects of three meal frequencies and varied energy densities of semisolid mixed diets composed of rice, milk, sugar, vegetable oil, and supplemental vitamins and minerals [25] . Colouring, thickening, and flavouring agents were added to the diets so that they were generally indistinguishable in taste and appearance. The preparations were fed ad libitum three, four, or five times per day to 18 children from 6 to 18 months of age whose total daily amounts of food and energy consumption were measured by weighing the feeding bowls before and after each meal.
The effects of varied energy density on the amounts of food and energy consumed are reviewed below. Controlling for the level of energy density, the total daily amount consumed was approximately 16% more when the number of meals was increased from three to four per day (p < .001) and 7% more when the feeding frequency rose from four to five meals per day (p = .0.05). The proportionately greater increase in intake with the change from three to four meals per day versus the change from four to five meals per day was statistically significant. Therefore, there may be diminishing returns with still further increases in meal frequency. Importantly, approximately 15 to 20 minutes were required per meal before the children reached satiety, regardless of the meal frequency. Thus, there is an obvious tradeoff between meal frequency and the amount of time required to provide additional meals. This time cost may be a severe constraint to greater meal frequency, especially when the caregivers have multiple competing responsibilities, including other child-care tasks. The total amount of time required to feed the children each day was related only to the number of meals served (p < .001), and not to energy density.
It is important to recognize that the clinical studies described in this section were conducted on fully weaned children. We have not yet completed similar studies in breastfed infants. Recommendations regarding the frequency of feeding complementary foods often fail to consider the potentially adverse effects of frequent meals on breastmilk intake. Even if a mother continues to offer the breast often, it is difficult to stimulate a child who has been satiated by other foods to breastfeed.
Thus, recommendations aimed at increasing the intake of complementary foods should take this into account, especially if the energy and nutrient densities of these foods are lower than those of breastmilk. Obviously, at some age the child will be completely weaned from the breast, but the speed at which this occurs may be influenced by the amount and frequency of other foods offered. Additional studies of the effects of different complementary feeding practices on both total energy and nutrient intakes and on intakes from breastmilk are urgently needed.
Although there are no empirical data from controlled studies of the effects of varied feeding frequency and energy density of complementary foods on total energy intakes by breastfed infants, the amounts of energy that might be required from complementary foods at different ages have been estimated [26] . These estimates, revised as shown in table 1, were calculated as the difference between current WHO recommendations for total energy intake [6] and the average amounts of breastmilk con gumption reported from studies in a number of developing countries [15, [27] [28] [29] [30] [31] [32] [33] .
These calculations provide only very crude estimates of the average amounts of energy that must be offered from complementary foods, because there is tremendous variability in the amounts of breastmilk consumption that were reported from the different studies, possibly because of different complementary feeding practices, as well as substantial inter-child differences within studies. Also, it must be remembered that currently recommended levels of energy intake very likely overestimate the true needs of breastfed infants. Nevertheless, these estimates provide some idea of the general amounts of energy that might be necessary from complementary foods at different ages. 
Appropriate composition of complementary foods
In addition to the particular ways in which foods are presented to children, the composition of the meals can independently affect intake. Children, like adults, respond to the organoleptic, or sensory, properties of food, such as aroma, flavour, "mouth-feel, " colour, and appearance. Moreover, because of the relatively high energy requirements of young children and their limited gastric capacity, the energy density or "bulkiness" of the diet can also influence total consumption. Finally, because the neuromuscular mechanisms of chewing and swallowing may not be fully developed in the young infant, the viscosity or consistency of the food may also influence consumption. Each of these issues will be discussed briefly in the following section.
Energy density
Despite the critical importance of adequate complementary foods in maintaining the nutrition and health of young children, there is surprisingly little recent scientific information on the optimal formulation of these foods in terms of their energy density and nutrient content and bioavailability. With regard to energy density, the classic manual on feeding infants and young children by Cameron and Hofvander [34] states only that the energy density should be between 100 and 200 kcal/100 g of food, but no information is provided on the scientific basis for this recommendation.
To develop guidelines for appropriate energy density of semi-solid food mixtures, we varied the range of densities offered during the same clinical studies described above [25] . Diets of four different densities (40, 70,100, or 150 kcal/100 g) were provided in random sequence during each of the dietary periods when three, four, or five meals were offered per day. The mean amounts of the diet consumed (g/kg/d) were significantly greater with successive reductions in the energy density of the diet (p < .001, fig. 3 ). Nevertheless, the total daily energy intakes (kcal/ kg/d) increased significantly with the more concentrated diets (p < .001).
Surprisingly, there was no clear evidence of a threshold of energy density after which further increases in total energy consumption ceased. Moreover, there were no significant interactions between energy density and feeding frequency. In other words, greater energy intakes occurred with each added meal regardless of the energy density of the diet, and these intakes increased with each higher level of energy density for all meal frequencies.
These results indicate that the children were able to adjust the amounts they consumed to compensate partially for the different energy densities of the diets. However, they still ingested greater total energy from the more concentrated diets. Similar conclusions were drawn in earlier studies of younger infants [35] , older preschool children [36] , and other recovering malnourished children [37] .
Despite the children's apparent attempts to adjust intakes in response to differing energy density, their total energy intakes still varied according to energy concentration. At the lower densities, it is likely that the children were physically unable to consume enough to satisfy their physiological needs because of limitations in gastric capacity, which has been estimated at 30 to 40 ml/kg body weight [37] . The absence of a plateau in intake at the higher densities may occur either because the children had not satisfied their requirements for post-malnutrition compensatory growth, even with the highest density diet, or because the adaptive decrease in intake with a high-density diet is not perfectly regulated. For reasons discussed at greater length elsewhere [25] , the latter explanation seems more likely.
As indicated above, specific guidelines are needed on the minimal energy density that will satisfy children's theoretical energy requirements. These guidelines obviously will depend on the assumptions employed regarding the children's recommended level of energy intake. If we decide that the minimum energy density should be sufficient to ensure that nearly all fully weaned children can satisfy their theoretical energy needs from a mixed diet, the target level of energy intake should be set at 2 SD above the assumed mean energy requirement for all children of a particular age.
The current recommended daily energy intake for children 6 to 24 months of age ranges from 95 to 108 kcal/kg, depending on age and sex, and the coefficient of variation in energy requirements is estimated to be 12.5% [6] . Thus, the energy density of the diet of 24-monthold girls, whose mean theoretical energy requirement is 108 kcal/kg/d, should be sufficient to permit any one of them to consume as much as 135 kcal/kg/d, which is 25% greater than the average requirement for all children in this subgroup.
The estimated minimum levels of energy density that would have permitted the average child in the study described herein to consume different amounts of energy are shown in table 2. According to this table, for children in this study to consume 135 kcal/kg/d in a total of just three meals, a minimum energy density of 121 kcal/100 g of diet was necessary. The most conservative approach to establishing a single recommendation for energy density for all children within the age range of 6 to 24 months would be to select the subgroup with the highest theoretical energy requirements and then estimate the energy density that would be needed to permit that level of consumption.
According to the 1985 FAD/WHO recommendations, 24-month-old girls, whose energy requirement is noted above, have the highest energy requirement (per kilogram body weight) within this age range. As indicated in table 1, this implies that an energy density of at least 120 kcal/100 g of diet should be promoted to ensure that this level of energy intake can be achieved by most children, unless more than three meals per day can be provided. Again, it is uncertain whether these same recommendations are appropriate for breastfed infants, and more experimental data are needed. Methods to increase energy density Unfortunately, it may not be possible to achieve increased energy density of the diet without sacrificing other critical features. For example, reduction of the water content to achieve greater energy concentration is accompanied by an increase in the thickness or viscosity of the diet. Cereal starches become extremely viscous because of their high water-holding capacity once they are gelatinized by cooking. Methods to reduce the viscosity of starches are described below. Alternative means of augmenting energy density are to add nongelatinous carbohydrates, such as simple sugars or fats. However, each of these approaches implies the addition of empty calories without accompanying protein or micronutrients. Thus, it is extremely important that the entire nutrient profile of the final mixed diet be analysed before glibly recommending the addition of sugar or oil to complementary foods. For example, adding one teaspoonful of vegetable oil to 100 g of a typical West African pap would increase its energy density from approximately 30 to 70 kcal/100 g but decrease the percentage of energy as protein from about 9% to about 4% [38] . If consumed at a level sufficient to satisfy children's energy needs, the oil-supplemented pap would not meet their protein requirements. A similar effect on micronutrient density (in relation to energy content) could have undesirable nutritional consequences if those micronutrients are ordinarily present in marginally adequate concentrations.
Optimal complementary feeding practices to prevent childhood malnutrition in developing countries
Methods to reduce viscosity
Several methods have been described to reduce the viscosity of cereal mixtures, such as the addition of amylase [39, 40] , fermentation [41] , and extrusion cooking [42] . Of these, amylase has the greatest and most dramatic ability to reduce the viscosity of a cereal porridge rapidly. The use of this enzyme is particularly attractive because it can be produced at the household level in developing countries by germinating local grains and producing malt flour, which is rich in amylase.
However, the impact of viscosity reduction on total energy intake is still being debated. Whereas some investigators have reported a positive impact of adding amylase or malt flour to children's diets on their total energy intake [39, 43] , others have not [33, 40, 44] . A recent review of this topic sponsored by the WHO concluded that amylase-(or malt-) treated diets failed to produce a consistently positive impact on children's total energy intakes [45] .
Furthermore, a number of concerns have been expressed regarding the safety of this technology [41, 45] . Possible risks include the increased likelihood of microbial contamination of foods inoculated with homeproduced malt flours after cooking, and the possibility of cyanide poisoning from improperly processed germinated grains. Because of the uncertain benefit of amylase-treated foods and the possible aforementioned risks, there does not presently seem to be sufficiently compelling evidence to warrant extensive promotion of this technique, except under controlled conditions.
Other organoleptic characteristics
Other organoleptic features, especially flavour, may affect children's intakes of complementary foods. A study of formula-fed infants in the United States, for example, found that they increased their consumption when sugars with a higher sweetness index were added to their formulas [46] . By contrast, preliminary results from a study of semi-solid diets offered to recovering malnourished Peruvian children indicate that replacing starch with sugar did not affect intakes. However, the children consumed about 10% more when a non-caloric sweetener, saccharine, was added to the high-starch diet [47] . Unlike sweetening agents, the addition of small amounts of salt to blended foods does not seem to affect consumption by young infants [48] .
Nutrient content and bioavailabillty
A full discussion of the optimal content and bioavailability of specific nutrients in complementary foods is beyond the scope of this article. Nevertheless, it is important to recognize that these factors may be more important determinants of physical growth and development than is energy consumption per se [49] [50] [51] . For example, recent studies found that the growth of rural Mexican children was associated not with their total energy consumption, but with the proportion of their energy intake derived from animal sources [49] .
Earlier intervention trials in New Guinea [52] and Sudan [53] have also shown that the quality of the diet, not just the amount of energy offered, influences children's growth. In these studies children who received milk supplements demonstrated greater linear growth than did those who received similar amounts of energy from either beans, tubers, or isolated fat sources. Even in the more affluent setting of western Europe, the physical growth and psychomotor development of vegetarian (macrobiotic) children lag behind those of children who receive animal products in the diet [54] .
Although suggestions are available on the appropriate nutrient content of complementary foods [55, 56] , better guidelines are urgently needed on suitable ways of achieving these recommended levels of nutrients and assuring their bioavailability, especially when the complementary feeding mixtures are composed of local foods derived exclusively or almost exclusively from plant sources. These issues are of particular concern for the poorest families, because their economic conditions and educational and time constraints may limit their ability to improve the quality of the diet.
Case-studies of dietary and behavioural determinants of energy intake by infants and young children (examples from Peru and Nigeria)
We reanalysed previously collected information on dietary intakes by Peruvian infants in a low-income, periurban community and by Nigerian infants and young children in several rural villages. The major purpose of these analyses was to provide descriptive information on the children's meal patterns and selected characteristics of their complementary foods.
Additionally, we analysed factors that we hypothesized might have influenced the children's total daily energy intakes. The results of these analyses are still preliminary. Nevertheless, they provide interesting insights into specific dietary factors that influenced energy intake and how these varied from one location to another. These findings have important implications for the design of interventions to improve complementary feeding practices.
The data from the Peruvian infants were collected during longitudinal studies in Huascar, a low-income, pert-urban community on the eastern limits of Lima [57, 58] . A total of 153 singleton newborns weighing 22,500 g at birth were enrolled in the study for a period of one year. Dietary intake was measured in a subgroup of 131 infants on one or two days each month by means of direct observation and weighing of all foods and breastmilk consumed during 12 daytime hours, as described in detail previously [31] . Nighttime intakes were obtained by recall history and by extrapolation of the amount of breastmilk consumed during the daytime observations.
The total amount of food intake was converted to energy and nutrient intakes using Peruvian and other regional food composition tables and direct measurement of the proximate components of samples of breastmilk. Information is available for 1,626 days of observation of these 131 infants. The index children were also visited in their homes three times weekly to inquire about the presence of specific symptoms of illness during the period since the previous visit [58, 59] . Body weight and recumbent length were measured monthly.
The dietary data were originally analysed as total energy and nutrient intakes per day. Data were also available from most children on intakes from individual recipes, mode of feeding, time of day at which the food or recipe was provided, and amounts offered and consumed. These latter pieces of information provided the opportunity to examine the relationships among feeding frequency, energy density, feeding mode, amounts offered, and source of energy (independent variables), and the total energy consumed during the day of observation and total energy consumed from different food sources (dependent variables). To compare data for children of similar ages from both data sets (i.e., Peru and Nigeria), a total of 720 days of observation of 117 Peruvian children from 6 to 11 months of age were included in the present analyses.
The data for the Nigerian children were obtained during longitudinal studies conducted as part of the Dietary Management of Diarrhoea project in three villages near Ilorin, Kwara State [26, 32] . A total of 214 children from 6 to 28 months of age were included in daily surveillance for diarrhoea! disease and monthly anthropometric assessments. Children were enrolled in dietary studies only after the start of an episode of diarrhoea. Quantitative observations of dietary intake were completed for at least 12 hours on one or more days during diarrhoea, early convalescence, and after full recovery.
All foods prepared, all portions served, and any leftovers were weighed. The amounts of each ingredient consumed were converted into nutrient intakes, using African food composition tables. Breastmilk intakes were estimated from 12-hour test weighings. As with the Peruvian study, information was available on the number of meals, energy density, serving size and amounts consumed for each food and recipe item. Only data from 197 days of observation of 53 children from 6 to 11 months of age are presented in this report. 
Description of analytic methods
The energy intake data from the Peruvian and Nigerian children were analysed using multivariate analysis of covariance. Response variables were total energy intake, energy intake from breastmilk, and energy intake from other foods, all measured in kilocalories per kilogram body weight per day. Explanatory variables included country (Peru vs. Nigeria), presence of fever, presence of diarrhoea, body weight, age, number of breastfeeds, number of meals, average amount of food offered per kilogram body weight per meal, and average energy density of food offered. The original model included all of the above variables as well as a random subject effect (nested within the country effect) and all two-way interactions of country with the continuous variables. Variables that were not significant (p < .05) in the MANCOVA were removed in a stepwise fashion. Analyses were done with PC-SAS Release 6.04. The children's weight, length, total energy intakes, and selected characteristics of their dietary patterns are shown for both study sites in table 3. Although the children's energy intakes per kilogram body weight were somewhat less than current WHO recommendations [6] , they were similar to observed intakes by breastfed infants of relatively well-off families in California [9] .
Nevertheless, because the Peruvian and Nigerian children were smaller than expected for age (mean weight-for-age SD score was -0.51 z for the Peruvian children and -1.94 z for the Nigerian children), their total energy intakes (647 + 201 and 633 + 167 kcal/d, respectively) were considerably less than the amounts currently recommended by WHO (720 to 1,050 kcal/d, depending on age and sex).
The children were fed quite frequently during the 12 hours of observation in their homes. Indeed, it was often difficult to decide exactly when one meal ended and another began, so a "feeding episode" was arbitrarily defined as any intake of non-breastmilk food separated from other occurrences of food consumption by at least 10 minutes. The Peruvian children received an average of four breastfeeds and nearly four additional meals during the observation period. The Nigerian children received more than six breastfeeds and four other meals. The energy densities of the non-breastmilk foods differed considerably in the two populations. Whereas the Peruvian children received mostly non-human milks and soups as complementary foods, with an average energy density of 67 kcal/100 g, the Nigerian children received mostly watery cereal paps, which had an average energy density of only 26 kcal/100g.
The results of the statistical analyses examining those factors that predicted total energy intake and intake from breastmilk and non-breastmilk sources are shown in table 4. The selected results shown in the table are regression coefficients for the number of feeding episodes of nonbreastmilk foods and the daily average energy density of these foods. The models control for the children's age, presence of fever, number of breastfeeds per 12 hours, and amount of food offered per meal, all of which were significantly associated with the energy intake variables.
Interestingly, the magnitude of association of the two independent variables of primary interest (i.e., the number of meals and the energy density of complementary foods) differed for the two sets of children. In Peru, each additional meal was associated with an increase in total energy intake of 6.5 kcal/ kg/d, but each kilocalorie augmentation in energy density was associated with an increase in total energy intake of only 0.11 kcal/kg/d. Thus, if all other factors are held constant, an increased consumption of 10 kcal/kg/d would be expected to occur if the meal frequency were increased by 1.5 meals per day or the energy density were increased by 91 keel/ 100g.
In contrast with the findings in Peru, each additional feeding episode in Nigeria was associated with an increase of only 1.8 kcal/kg/d, whereas each kilocalorie increase in energy density was associated with 0.68 kcal/kg/d greater total energy intake. Thus, to achieve an increase in intake of 10 kcal/kg/d in Nigeria would require either 5.6 more meals per day or an increment in energy density of only 15 kcal/100 g. These results must be accepted with all the caution described above, because the original studies were observational and not experimental. Nevertheless, the results imply that different approaches to enhancing energy intake might be appropriate in these two settings.
Greater meal frequency might be expected to yield a more positive impact in Peru than increased energy density of complementary foods, especially considering the difficulty in achieving the densities that would be required. On the other hand, enhanced energy density would seem to be a more effective approach in Nigeria than an increased frequency of feeding, particularly in view of the already high combined frequency of breastfeeding and other meals. These results also highlight the potential value of quantitative studies of dietary intake and the importance of defining current feeding practices before initiating programmatic interventions. 
Importance of child appetite
Despite the important relationships described above, it should be obvious that children's dietary intakes are not only a function of caregiver feeding behaviours and the composition of the diet. Other factors intrinsic to the child, such as the presence of diarrhoea, fever, and parasitic infections [21, 32, 33, 6066] , micronutrient status [67, 68] , and interactions with the caregiver [69, 70] , often determine whether foods that are offered will be accepted. To understand the frequency with which child-related factors interfere with eating patterns, we have recently completed studies of the epidemiology of reported poor appetite in a low-income community on the outskirts of Lima, Peru [71] .
To assess the validity of maternal reports of poor infant appetite, we first compared these histories with measured energy consumption on days of observation. Mean + SD total energy intakes on days with reported anorexia were 81 + 21 kcal/kg in infants from 1 to 6 months of age and 71 + 22 kcal/kg in infants greater than 6 months old compared with 94 + 22 and 82 + 21 kcal/kg in the respective age groups when appetites were reportedly normal (p < .001). Energy intake from nonbreastmilk sources was more affected than energy intake from breastmilk.
The epidemiology of poor appetite was then assessed in 153 infants who were monitored longitudinally during their first year of life. The prevalence of reported anorexia increased progressively from 2.2% of days of observation at less than 1 month of age to 31.7% at 11 months of age ( fig. 4) . The presence of reduced appetite was positively associated with infant age and with the presence of fever, diarrhoea, and respiratory illnesses and negatively associated with the consumption of breastmilk.
Previous analyses of data from a subset of these same children showed that the prevalence of poor appetite was negatively associated with growth increments from 6 to 12 months of age [19] . Because of the high prevalence of reported anorexia and its relationship with impaired growth, it is likely that poor appetite, rather than lack of food or improper child feeding behaviours, may explain some proportion of the low energy intake and growth faltering of infants in this and similar communities.
Prevention of microbial contamination
Several studies have demonstrated that foods provided to young children in developing countries are frequently colonized with high levels of faecal indicator organisms [59, 72, 73] . Because organisms transmitted in stool are potentially capable of causing enteric infections, optimal child care practices must include prevention of faecal contamination of their foods. Several studies have found that specific foodrelated practices that influence the likelihood of contamination are the methods of preparation, processing, and serving, as well as the amount of time elapsed between cooking and serving, and the method of storage. These issues are discussed briefly in the following section.
Food preparation and method of serving
Because of the high rates of contamination of food and water in many low-income settings, the best way to ensure that these items are free of pathogens is to heat them to a sufficiently high temperature (>70°C) immediately prior to serving [74] . Despite the simplicity of this recommendation, the limitations of available time and cooking fuel often make this impractical for many child caregivers.
In household studies in Peru, we found that food rarely harboured faecal organisms immediately after cooking [59] . However, the degree of subsequent contamination varied according to the type of serving utensil. For example, teas and herbal infusions served with a cup and spoon almost never had high levels of faecal organisms. By contrast, these same preparations given in feeding bottles had considerably greater rates of contamination. The results of subsequent studies indicated that the bottles themselves and the rubber nipples were frequently contaminated before any liquid was put into them. These findings support current recommendations to discourage bottle-feeding.
In some countries hand-feeding of young children is the norm [75] . Because the caregiver's hands may also be a source of potential pathogens, handwashing before feeding episodes is crucial.
FIG. 4. Prevalence of reported anorexia, by age with 99% confidence interval [71]
Food storage
In the aforementioned studies from Peru, the same foods that were free from contamination after cooking had progressively greater concentrations of bacteria with increased duration of storage, presumably because of multiplication of microbes introduced by contaminated utensils or hands at the time of initial serving [59] . The bacterial counts were especially high during the warmer months of the year. Because a minimum dose of bacteria is required to induce some types of enteric infections, the multiplication of bacteria that occurs during food storage may be instrumental in the transmission of infection. Under typical conditions where refrigeration is not available, the only method to reduce this risk is to reheat the foods to a sufficiently high temperature long enough to kill bacteria before serving.
Use of food additives and processing techniques to prevent microbial contamination
A wide range of simple food preservation techniques, such as drying, salting, and fermentation, is practiced commonly at the household level in traditional societies. On the other hand, there is little experience with lowcost food additives that might be used to prevent contamination of food once it is prepared. There is some suggestion that fermented foods may be more resistant to such contamination, possibly because of their low pH or other antimicrobial factors produced during fermentation [76] [77] [78] , but this body of knowledge is still limited.
One recent study from Tanzania found that children in one village who received fermented cereal drinks had a reduced diarrhoeal incidence compared with children from another village and ethnic group who did not receive fermented foods [79] . These results must be viewed with caution, however, because the study design did not control for the possibly confounding effects of village, ethnic group, and other factors that may have independently influenced the rates of diarrhoea.
Programmatic approaches to improve complementary feeding practices
Cultural perceptions
Before attempting to promote changes in current childfeeding practices, it is crucial to understand the local beliefs governing them. Technical recommendations based strictly on the physiological considerations described above may be unacceptable if they are incompatible with local perceptions. For example, beliefs about the appropriate age to introduce complementary foods and the types of foods that are acceptable must be taken into account. In the following section, these issues are discussed briefly in the context of different studies carried out in Peru.
Age of introduction
In Peru, the perceived appropriate age for the introduction of complementary foods is related to the caregiver's notion of when the child is ready to eat. This, in turn, is generally viewed in terms of the child's development: the presence of teeth, the "forming of the stomach, " the ability to swallow food, or the demonstration of an active interest towards food. Recognition of these characteristics varies according to cultural setting. In coastal communities, an infant may be perceived as wanting to eat or needing to begin "forming the stomach" as early as 2 to 4 months of age; in rural highland populations, this is perceived to occur at 8 to 10 months, and the process of "forming the stomach" can last as long as 4 months. In each case, there is a concept that foods must be introduced gradually.
Types of food
Peruvian caregivers generally select more dilute preparations as first foods because they are considered easier to swallow and appropriate for "forming the stomach. " Broths and soups are perceived as being especially valuable because the nutritious components of the food ingredients are "extracted" into the broth during cooking. Certain foods are considered more appropriate for small children, such as milk, chicken liver, and, to a lesser degree, egg. Yellow foods, such as squash or a local variety of banana, are also considered beneficial. On the other hand, some foods, such as beans and oil, are perceived as possibly causing harm. In some cultures, these perceptions are related to the humoural system.
Types of complementary food preparations
Improved complementary feeding regimens may incorporate home-prepared combinations of easily accessible foods; pre-cooked, centrally processed food mixtures; or "hybrids" of these two approaches. The relative advantages and disadvantages of each approach have been described [80] . Experience with each of these types of interventions in Peru will be described.
Home-available mixed diets. There have been a number of recent attempts to promote improved home-prepared complementary foods in Peru. In each case, the interventions were developed in a stepwise fashion following a series of preliminary "formative" research activities. First, an understanding of the critical cultural concepts mentioned above was sought through interviews with key informants and discussions within focus groups composed of child caregivers.
Foods were then selected on the basis of their availability at the household level, their nutritional value, their cultural acceptability, and their cost (in the case of those that must be purchased). To ensure maximum efficiency, the cost per nutrient value was calculated periodically on the basis of the local market price for the candidate foods, and those providing the greatest energy or nutrient value at least cost were incorporated preferentially in the food mixture.
Food preparations or recipes using the selected foods were formulated through a participatory process of recipe trials with the beneficiaries [81] . Behavioural change trials of the use of these preparations in the home were then conducted to explore the acceptability of the recommended foods and feeding practices, and any necessary modifications were made [81, 82] .
Using this methodology, improved child feeding practices were promoted at the community level in a shanty-town population of Lima, using a mix of interpersonal (video and demonstration), print, and local alternative media to promote appropriate complementary feeding concepts and recipes. The objectives of the intervention were to postpone the introduction of non-breastmilk foods until at least five months of age, encourage continued breastfeeding through the first year of life, and promote consumption of at least two portions daily of the recommended complementary food mixtures, with or without additional snacks or other foods.
The complementary food mixtures were described both as specific recipes and in terms of improved preparation techniques, such as making thicker purees and puddings rather than broths and soups. No specific recommendations were given on the total number of feedings during the day, because this was not originally considered a principal problem in Lima.
The intervention achieved a significant delay in the timing of the introduction of foods, although the magnitude of change was modest. After the intervention, 37% of the population had introduced non-breastmilk foods before five months of age, compared with 54% at baseline. There was a significant increase in recommended complementary feeding practices from 15% of the population to 28% after the intervention. The concept of a thick food as nutritious appeared to be adopted more readily than the specific recipes promoted. Among the specific recipes, savory purees were preferred over sweet puddings. The use of energy-and nutrientdense snacks, such as bread and biscuits, was a common practice reinforced during this intervention.
In another project, designed initially to improve the dietary management of diarrhoea (DMD project), a recipe for a home-prepared mixture, "Sanquito, " was developed and promoted for use in children during and after diarrhoea in a highland region of Peru [81] . Sanquito was a modification of a local preparation of wheat flour, sugar, and lard or oil, which was nutritionally improved by incorporating pea or broad bean flour and carrot. After five months of a pilot educational intervention conducted through a mix of radio, print, and face-to-face communication channels, 82% of the population had attained knowledge of the recipe, 16% had prepared it, and 12% reportedly used it regularly (S. Esrey, personal communication, 1989).
Considerably higher levels of trial and adoption occurred when the messages were received from a doctor or nurse or, to a slightly lesser extent, through a mothers' club, indicating the importance of interpersonal communication for use of the recipe. As Sanquito was promoted for treatment of diarrhoea, the presence of a recent episode of diarrhoea in the index child was associated with its use; children who had not had diarrhoea during the intervention period rarely had received the mixture.
As a result of the experience of the DMD project, a programme was subsequently implemented in an oral rehydration unit in a hospital in Lima to promote adoption of complementary feeding recipes for children admitted to this unit. A health facility was chosen for the intervention, not to make recommendations specifically for diarrhoea, but because health workers were shown to be a credible source of information in the DMD project. Also, it was assumed that the caregivers' heightened attention to the children's needs at that time might favour adoption of the nutrition message [83] .
Two different educational approaches were used: one group of mothers received five minutes of counselling and a recipe pamphlet, the other group received the same counselling plus a 20-minute cooking demonstration. In both cases there was a significant impact on mothers' knowledge both at 48 hours and again at 30 days after the intervention (from 28% before the intervention to 74% and 75%, respectively, afterwards). Likewise, use of the promoted recipes at least once on the day before the interview increased from 3% to 58% and 38%, respectively, during the two follow-up assessments, which were conducted by 24-hour recall history. Interestingly, there was no difference between the two educational methods with respect to either of these outcome variables.
Centrally prepared complementary foods. Usually, centrally produced complementary foods are precooked, industrially processed mixtures that are distributed for community-based supplementary feeding programmes, home use, or both. Alternatively, mixtures of local foods may be cooked in community kitchens or feeding centres for distribution within the community. In both cases, responsibility for the formulation of the food mixture no longer remains with the individual caregiver.
Nevertheless, the caregiver must choose whether or not to participate in the programme and, in some cases, whether to prepare and serve the previously formulated mixture at home or in the community feeding centre.
Until very recently we have had very little experience with precooked, industrially prepared formulations in Peru. However, we have attempted to promote improved complementary feeding practices through community kitchens, as described in the following section.
During a pilot project in Lima, complementary foods were prepared three times a day in community kitchens, where they were then collected by young children's caregivers or siblings. This permitted savings of time, fuel, and money, and further served as a way of demonstrating appropriate complementary feeding practices [84] . In this study, daily energy intake following the intervention period was significantly greater in the intervention than the control group (100% versus 74% of FAD/WHO 1985 requirements for body weight for children 6 to 24 months of age). The mean total daily energy density (including breastmilk) was also significantly greater in the intervention than in the control group (81 versus 69 kcal/100 g). Participating children received 32% of their total daily energy intake from the community kitchens. Interestingly, there was a positive correlation between change in height and weight during the intervention period and the total number of rations received from the community kitchens.
In areas where appropriate ingredients for complementary foods are not easily accessible to high risk households, it may be necessary to prepare and distribute nutritionally fortified mixtures. Before initiating these programmes, acceptability trials need to be conducted and effective distribution channels identified or developed. Strong educational components are needed to ensure that the food is appropriately prepared and reaches the target group. based interventions, a combination of media were used: radio, print material, and face-to-face education.
In the DMD project, radio messages were instrumental for transmitting knowledge, but they needed to be complemented with one or more additional interpersonal channels to achieve trial or adoption. In the Lima community intervention, there was no association between adoption and specific communication channels; nevertheless, a more favourable attitude toward the feeding messages was associated with exposure to the video and demonstrations. In Peru it was important to include health professionals as "agents of change" because they are considered credible sources of information. Face-to-face communication in the clinical setting was found to be an effective way of teaching the enhanced complementary feeding recipes.
Community organizations
Existing community organizations are potentially valuable channels for communication and intervention programmes. They can also be a useful base for distribution of centrally prepared foods, as shown in the community kitchens project. In the DMD project, belonging to a community organization was associated with higher trial and adoption rates. However, in Lima, where multiple organizations serve the same communities, it was necessary to work with several community groups simultaneously to achieve adequate coverage.
Specific recipes versus general advice
Specific recipes were developed in each of the interventions described above. In some cases, concepts of appropriate food preparations for young children were also explained. For example, the importance of thick consistency, combinations of foods, and the use of animal products when available was emphasized. The acceptance of specific recipes versus general recommendations varied in the different projects. Mothers commented that they liked to have the recipes; however, more research is needed to explore which of these approaches might produce the greatest long-term impact on feeding practices.
Sustainability
Changes in child-feeding behaviours occur slowly and tend to revert to pre-existing practices if the new behaviours are not continuously reinforced. Thus, the sustainability of intervention programmes is critical in promoting long-term changes in feeding practices. Moreover, those segments of the target population in greatest need of improved feeding practices are often the most resistant to change. Interventions must be continued for even longer periods of time to reach these "late adopters. " In each of the abovementioned interventions, with the exception of the community kitchens trial, the recommended practices diminished with time as the caretakers forgot the new practices. In the hospital intervention, 30 days after receiving the recommendations, use of the recipes had diminished, even though levels of knowledge had not changed. Interestingly, in the community interventions people requested a continued presence of nutrition advisers. Thus, effective ways of institutionalizing these educational interventions need to be identified.
Constraints to adoption of improved feeding practices
From the above studies, a picture of the "adopters" has emerged. In two of the studies, the mothers of younger children (5-7 months of age) were found to be more likely to adopt the recommended practices than mothers of older children who were believed to be "already accustomed to soups. " Caregivers who adopted the recommended feeding practices also tended to be younger mothers, those with less advanced schooling, and those who lived independently of their own mothers or mothersin-law. Participation in a community organization was associated with higher levels of adoption in the DMD highland intervention, although this was not the case in Lima, probably because many more community organizations exist in the capital. A brief description of specific constraints to adoption follows.
Cost and availability of foods
A lack of certain food ingredients may be a constraint to the use of appropriate complementary foods. This seems to have been the case with Sanquito, where pea or broad bean flour was found in only 38% of homes at the time of the evaluation. In the community kitchens project, the more expensive chicken liver was replaced by egg in some of the recipes. Similar constraints of food availability or cost have been reported elsewhere [85] .
Caretaker time
An essential quality of complementary foods is that they must be easily prepared, as extra time for the preparation of special foods for the young child rarely exists. The community kitchens project successfully addressed this constraint by providing a prepared food three times a day. Selecting food from the family pot saves time for homeprepared mixtures. Possibly for this reason, purees, which were generally made from ingredients already present in the soup prepared for the whole family, were more acceptable than the specially made puddings in the Lima community intervention. Time was not reported as a limiting factor in the preparation of Sanquito, which took only eight minutes.
Cultural beliefs
Local perceptions about the acceptability of specific foods for young children or the appropriateness of combining different ingredients may have influenced adoption of the recommended practices. The concept of the addition of oil or margarine to the infant's food was not well accepted in the community interventions. In the Lima community intervention, when fat sources were included in the recipe, they were given in smaller than recommended amounts and added only in the savoury dishes. In the DMD recipe, oil was the ingredient most frequently forgotten, and when not, it was used in less than recommended amounts. Consequently, promoting this ingredient of complementary foods in this setting has to be reviewed.
Conclusions and future research needs
Age of introduction of complementary feeding
Full-term infants with appropriate weight for gestational age should be exclusively breastfed until six months of age. This same recommendation is probably appropriate for term infants who are small for gestational age ( < 2,500 g), unless they are so underweight that they are too weak to suck, or their mothers are severely undernourished. However, more information is needed before authoritative programmatic recommendations can be formulated for low-birth-weight infants. More information is also needed from intervention trials on the relationships between maternal nutrition status and the volume and composition of breastmilk, and on the micronutrient status of infants who have been exclusively breastfed for six months. The desirability of maternal and/or infant supplements needs to be determined.
Frequency of feeding complementary foods
Recommendations on feeding frequency must consider the trade-off between the additional caregiver time required for each meal and the greater intakes achieved with more frequent feeding. It seems that at least four meals per day for non-breastfed children would be ideal to avoid the need for very high density foods. This frequency of feeding was already being achieved in the two case-study sites in Peru and Nigeria by about half the caregivers of breastfed children, who conceivably might require a lower meal frequency than fully weaned children. If this frequency of meals is not feasible, the energy density of foods must be enhanced appropriately to assure adequate total energy intake.
The experimental studies that provided information on the relationships among feeding frequency, energy density, and total energy intake were conducted in fully weaned children. Further intervention studies are needed to determine if these recommendations are also appropriate for infants and younger children who are still breastfeeding.
Energy density of complementary foods
As indicated above, it is uncertain whether current information on the minimal acceptable energy density of foods for non-breastfed children can be applied to those who are still receiving breastmilk. Among non-breastfed children, a minimal energy density of 120 kcal/100 g seems appropriate if only three meals are offered per day. If four meals are provided daily, a minimal energy density of 85 kcal/ 100 g should be acceptable. Additional studies are needed in healthy, well-nourished children to confirm these tentative recommendations. Likewise, data are needed on the appropriate energy density of complementary foods provided to breastfed infants and young children.
Micronutrients
Recent studies indicate that the quality of the diet (micronutrient content and bioavailability; proportion of energy from animal products) may be an important determinant of energy intake and growth in some settings. This creates a practical dilemma in many countries, because high-quality foods may not be accessible to those children with the greatest need, either because the foods are simply not available locally or because their cost is prohibitive. Information is needed on whether the overall quality of the diet can be successfully enhanced by fortifying common foods with an appropriate mix of nutrients or by providing micronutrient supplements.
Microbial contamination
Water, foods, feeding utensils, and caregivers' hands are frequently colonized by potentially pathogenic organisms excreted in faeces. Children's foods must be prepared with uncontaminated ingredients or heated sufficiently to destroy microbial contaminants, especially after prolonged storage of previously cooked foods. Research on novel, low-cost ways to prevent microbial contamination is needed.
Home-available vs. centrally processed foods
Programmatic interventions to improve complementary feeding practices may rely on optimal use of foods accessible to the household or on specially processed foods. In the long term, the first approach would presumably be more sustainable. However, suitable foods may not be available or may require supplementation or fortification with particular nutrients. Careful, controlled evaluations of the impact of different programmatic interventions are needed.
Promotion of Improved complementary feeding practices
Before interventions are initiated to improve current infant-and child-feeding practices, it is critical to characterize current feeding beliefs, behaviours, and available foods. Educational messages should be carefully formulated and disseminated through multiple local channels, including mass media and interpersonal forms of communication. Information is needed on which assessment techniques can provide useful information most reliably, quickly, and cheaply. Evaluations are needed of the particular educational techniques that are most successful and most efficient in producing the desired changes in feeding behaviours. Finally, programmes must be continued for long periods of time to ensure that any changes in behaviour will be sustained after the initial intervention is over.
